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DESCRIPTION 

FLUORORESIN AND COATED ELECTRIC WIRE 

TECHNICAL FIELD 
This invention relates to a fluororesin and a 
insulated electric wire. 

BACKGROUND ART 

Insulated electric wires each composed of a core wire 
and a insulating material insulating the same as obtained 
by molding of a resin are required to have a smaller 
diameter so as to keep up with the recent increasing trend 
toward the reduction in size of such articles as mobile 
devices. Accordingly, it has become necessary to form a 
thin insulating material layer around the core wire with a 
smaller diameter. 

Polyolefin resins such as polyethylene [PE] and 
polypropylene [PP] have been used as resins capable of 
forming thin-walled layers. However, insulated electric 
wires manufactured by using the conventional polyolefin 
resins have a problem in that the wall thickness reduction 
results in increased transmission losses. 

As a result of the advancement of communication 
technology, insulated electric wires are required to be 
able to transmit large quantities of information. 
Therefore, it is required that the transmission loss be 
reduced to a minimum. A method is known for lowering the 
dielectric constant and thereby improving the insulating ■ 
characteristics by insulating under foaming (cf. e.g. 
Japanese Kokai Publication H08-7 672) . However, such foamed 
insulating materials are insufficient in strength and, in 
addition, when the thickness is increased to overcome that 
drawback, a problem arises, namely it becomes difficult to 
reduce the insulated wire diameter. 

The use of a polyolefin resin as a insulating . 



material presents a problem from the flame retardancy 
viewpoint, and a method for overcoming this problem which 
comprises adding a flame retardant is known in the art (cf. 
e.g. Japanese Kokai Publication H07-182930) . However, it 
is a problem that the addition of a flame retardant results 
in deteriorations in electrical characteristics. 

A method is known for developing sufficient thermal 
stability to withstand solder reflow processes which 
comprises using a general-purpose polyolefin resin and 
curing the same (cf. e.g. Japanese Kokai Publication H06- 
168627) , However, this requires the use of a very 
expensive apparatus and therefore has an economic problem. 

Fluororesins, in particular fluororesins comprising 
tetraf luoroethylene/perf luoro (alkyl vinyl ether) copolymers 
[PFAs] , are excellent in thermal stability, flame 
retardancy and . electrical characteristics and are used in 
various fields where their characteristics can be displayed. 
However, PFAs have a problem in that when moldings having 
minute details or complicated in shape are to be obtained 
by injection molding, for instance, the moldings tend to 
undergo surface roughening. 

Known as PFA species with which the problem of 
surface roughening on the molding surface can be solved is 
a PFA species reduced in molecular weight and having an 
adjusted molecular weight distribution (cf . e.g. Japanese 
Kokai Publication 2002-53620) • However, when used in 
insulating molding, this PFA produces a problem, namely an 
increase in insulating speed results in worsened thin wall 
forming ability and in a ready tendency toward cone break. 

A PFA species further reduced in molecular weight and 
thus in melt viscosity as well has been investigated as a 
PFA species with which the problem of reduced thin wall 
forming ability on the occasion of insulating molding at 
increased speeds can be resolved. It is a problem of this 
PFA species, however, that the reduction in molecular 
weight results in deteriorations in mechanical 



characteristics . 



DISCLOSURE OF INVENTION 
PROBLEMS WHICH THE INVENTION IS TO SOLVE 
In view of the above-discussed state of the art, it 
is an object of the present invention to provide a 
fluororesin excellent in thin wall forming ability and 
capable of forming electric wire insulatings having good 
flame retardancy, thermal stability and electrical 
characteristics . 

MEANS FOR SOLVING THE PROBLEMS 

The present invention relates to a fluororesin which 
does not cause cone break, when used for insulating a core 
wire having a diameter of 0.05 to 0.07 mm under the 
conditions of a resin temperature of 320 to 370°C, a 
drawdown rate [DDR] of 80 to 120, a draw rate balance [DRB] 
of 1.0, a wire coating speed of 700 feet/minute and a 
insulating thickness of 30 to 50 

The present invention relates to a fluororesin having 
a critical shear rate, at 360°C, of 200 to 500 sec"^, 

wherein the fluororesin mentioned above comprises a 
tetraf luoroethylene/perf luoro (alkyl vinyl ether) copolymer 
and/or a tetraf luoroethylene/hexafluoropropylene copolymer . 

The present invention relates to a fluororesin whose 
melt flow rate, at 372°C, exceeds 60 (g/10 minutes) , 

wherein the fluororesin mentioned above comprises a 
tetraf luoroethylene/perf luoro (alkyl vinyl ether) copolymer 
and/or a tetraf luoroethylene/hexafluoropropylene copolymer . 

The present invention relates to a insulated electric 
wire comprising a core wire and a insulating material 
obtained by insulating molding of the fluororesin mentioned 
above for the core wire. 

In the following, the present invention is described 
in detail. 

The fluororesin of the invention comprises a melt- 



processable f luoropolymer containing fluorine atoms 
directly bound to carbon atoms. 

The ^^melt-processable f luoropolymer" so referred to 
herein has a melting point within the range of ISO-SSO'^^C 
and a melt viscosity of not higher than 10^ (pascal -sec) as 
measured at a temperature higher by 50 °C than the melting 
point thereof. 

The fluororesin of the invention preferably comprises 
a tetraf luoroethylene-based copolymer [TFE copolymer] . 

The TFE copolymer is a polymer obtained by 
copolymerizing tetraf luoroethylene [TFE] and a comonomer 
other than TFE, The lower level to the content of the 
comonomer units other than TFE units relative to all the 
monomer units in the TFE copolymer may be set, for example, 
at 1 mole percent, and the upper limit thereto at 30 mole 
percent, for instance. When the comonomer other than TFE 
is a PAVE, which is to be mentioned later herein, the lower 
limit may be 0.01 mole percent and, when the comonomer 
other than TFE is ethylene, the upper limit may be lower 
than 50 mole percent. 

The term ''''all the monomer units'' as used herein 
indicates all monomer-derived segments constituting the 
molecular structure of the polymer. 

The ^^comonomer units other than TFE units" are 
segments derived from the comonomer other than TFE as seen 
from the TFE copolymer molecular structure viewpoint. Each 
comonomer unit other than the TFE unit, when it is a 
hexaf luoropropylene [HFP] -derived one, is represented by - 
[CF2-CF(CF3) ]-. 

The comonomer other than TFE is not particularly 
restricted but may be, for example, chlorotrif luoroethylene 
[CTFE] , hexaf luoropropylene [HFP], a perf luoro (alkyl vinyl 
ether) [PAVE] or a like perhalomonomer ; 

Ethylene [Et] , vinylidene fluoride [VdF] , vinyl fluoride 
[VF] , hexaf luoroisobutene, or a hydrogen-containing monomer 
represented by the general formula (i) : 
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CH2=CX^(CF2)nX^ (i) 

wherein represents a hydrogen atom or a fluorine atom, 
X^ represents a hydrogen atom, a fluorine atom or a 
chlorine atom and n represents an integer of 1 to 10. 
Among these, one or a combination of two or more may be 
used. 

The PAVE mentioned above is not particularly 
restricted but may be, for example, perfluoro (methyl vinyl 
ether) [PMVE] , perfluoro (ethyl vinyl ether) , 
perfluoro (propyl vinyl ether) [PPVE], or perfluoro (butyl 
vinyl ether) [PBVE] . Among them, PPVE is preferred from 
the good thermal stability viewpoint. 

The TFE copolymer may be the product obtained by 
polymerization of the above-mentioned TFE and comonomer 
other than TFE and, further, a trace amount monomer. The 
trace amount monomer may comprise one or a combination of 
two or more of such comonomers other than TFE as mentioned 
hereinabove. 

The TFE copolymer is not particularly restricted but 
may be, for example, a TFE/PAVE copolymer, TFE/HFP 
copolymer, Et/TFE copolymer, Et/TFE/HFP copolymer or 
TFE/VdF/HFP copolymer. When, in the present specification, 
a copolymer is specified in terms of monomers, as in the 
case of such a copolymer as given above by way of example, 
the trace amount monomer is sometimes not given in 
accordance with established convention. It is to be noted, 
however, that any polymer obtained by copolymerizing a 
trace amount monomer in addition to the monomers indicated 
is not excluded. 

The fluororesin of the invention preferably comprises 
a TFE/PAVE copolymer, TFE/HFP copolymer and/or Et/TFE 
copolymer . 

The "'TFE/PAVE copolymer, TFE/HFP copolymer and/or 
Et/TFE copolymer'' may be the TFE/PAVE copolymer alone, 
TFE/HFP copolymer alone or Et/TFE copolymer alone, or a 
mixture of two or more copolymers selected from the group 
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consisting of the TFE/PAVE copolymer, TFE/HFP copolymer and 
Et/TFE copolymer. 

The above-mentioned mixture of two or more copolymers 
is generally produced by dry blending of two or more 
copolymers . 

The ^'mixture of two or more copolymers" so referred 
to herein conceptually differs from the polymer alloy 
described later herein in that said mixture is not one 
obtained by melt-kneading prior to the start of insulating 
molding. 

When the fluororesin of the invention comprises a 
TFE/PAVE copolymer, the perf luoro (alkyl vinyl ether) unit 
content relative to all monomer units constituting the 
TFE/PAVE copolymer is preferably 0.01 to 10 mole percent. 

The ''perf luoro (alkyl vinyl ether) unit" is the 
perf luoro (alkyl vinyl ether ) -derived segment in the 
molecular structure of the TFE copolymer. When the 
perf luoro (alkyl vinyl ether) unit content is small, the 
crack resistance of the insulated electric wires tends to 
lower. As the perf luoro (alkyl vinyl ether) unit content 
increases, the melt flow rate [MFR] increases and the thin 
wall forming ability is improved but, on the other hand, 
the electrical characteristics tend to deteriorate and the 
thermal stability tends to decrease. A more preferred 
lower limit is 0.5 mole percent, a still more preferred 
lower limit is 1 mole percent, an even more preferred lower 
limit is 1.9 mole percent, and a most preferred lower limit 
is 2.5 mole percent. A more preferred upper limit is 4.5 
mole percent, and a still more preferred upper limit is 4 
mole percent. 

It has so far been considered that increases in the 
PAVE content in TFE/PAVE copolymers unfavorably result in 
melting point lowering and in decreases in thermal 
stability. The fluororesin of the invention, however, even 
when it comprises a TFE/PAVE copolymer with a high PAVE 
content, is excellent in mechanical characteristics and in 



flame retardancy. 

The fluororesin of the invention may comprise a 
polymer alloy obtained by using two or more copolymers 
selected from the group consisting of TFE/PAVE copolymers, 
TFE/HFP copolymers and Et/TFE copolymers. 

The ^^polymer alloy", so referred to herein, is 
obtained by melt-kneading two or more polymer species prior 
to the start of insulating molding. The polymer alloy may 
be one resulting from complete mutual dissolution on the 
polymer chain level, or one resulting from chemical bonding 
between two or more polymers, or one resulting from 
formation, in a polymer matrix, of a domain or domains 
comprising a polymer (s) other than the matrix-constituting 
polymer (s). The size of the domain (s) is preferably not 
greater than 1 ]idx, more preferably not greater than 100 nm, 
per 30 vim of the polymer matrix. 

When the fluororesin of the invention comprises such 
a polymer alloy as mentioned above, the copolymer 
combination includes TFE/HFP copolymer-Et/TFE copolymer, 
TFE/HFP copolymer-TFE/PAVE copolymer, Et/TFE copolymer- 
TFE/PAVE copolymer, and TFE/HFP copolymer-Et/TFE copolymer- 
TFE/PAVE copolymer combinations and, among them, TFE/HFP 
copolymer-TFE/PAVE copolymer combinations are more 
preferred. 

When the fluororesin of the invention comprises such 
a TFE/HFP copolymer-TFE/PAVE copolymer polymer alloy as 
mentioned above and is to be used in an application field 
where heat resistance is required, for example in a solder 
reflow process, it is preferred that a TFE/PAVE copolymer 
be used as a base polymer and a TFE/HFP copolymer be added 
thereto, with the proportion of the TFE/HFP copolymer to 
the total weight of the polymer alloy being 3 to 40% by 
weight. A more preferred lower limit is 5% by weight, and 
a more preferred upper limit is 25% by weight. 

Further, when the fluororesin of the invention is a 
polymer alloy comprising a TFE/PAVE copolymer and a TFE/HFP 
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copolymer, the PAVE unit content in the polymer alloy is 
preferably 0.1 to 4 mole percent relative to the sum total 
of 100 mole percent, namely the sum total of the TFE, PAVE 
and HFP units constituting the whole polymer alloy. 

The fluororesin of the invention may comprise the 
above-mentioned polymer alloy alone, or the above-mentioned 
mixture of two or more copolymers and the above-mentioned 
polymer alloy, or the above-mentioned polymer alloy in 
combination with a TFE/PAVE copolymer alone, a TFE/HFP 
copolymer alone or an Et/TFE copolymer alone in the sense 
that it is not the above-mentioned mixture of two or more 
copolymers . 

In producing the above-mentioned TFE copolymer by 
polymerization, such known methods of polymerization as 
emulsion polymerization, suspension polymerization, 
solution polymerization and bulk polymerization can be used. 
From the industrial viewpoint, however, the use of 
suspension polymerization or emulsion polymerization is 
preferred. 

The fluororesin of the invention may further contain 
a filler. The filler is not particularly restricted but 
includes, among others, flame retardants such as antimony 
oxide and calcium phosphate; coke, silica, alumina, 
titanium oxide, zinc oxide, magnesiiim oxide, magnesium 
hydroxide, tin oxide, calcium carbonate, magnesium 
carbonate, glass, talc, mica, isinglass, boron nitride and 
aluminum nitride. 

The fluororesin of the invention may contain such a 
flame retardant as mentioned above. However, said 
fluororesin in itself has a sufficient level of flame 
retardancy without addition of such flame retardant, hence 
can be free from influences of the addition of a flame 
retardant such as decreases in tensile break strength, 
decreases in crack resistance, and deteriorations in 
electrical characteristics . 

The fluororesin of the invention preferably has a 
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dielectric constant of 1.8 to 2.7. A more preferred upper 
limit is 2.6, and a still more preferred upper limit is 2.2. 

The fluororesin of the invention preferably has a 
dielectric loss tangent of not greater than 60 x 10"^ as 
measured at 2.45 GHz, for instance. A more preferred 
upper limit is 10 x 10"% and a still more preferred upper 
limit is 5 X 10"^. Within the above-mentioned range of the 
dielectric loss tangent, the lower limit may be set at 0.5 
X 10"*^, for instance. 

The above-mentioned dielectric constant and 
dielectric loss tangent are the values obtained by carrying 
out measurements by the cavity resonator oscillation method. 
The fluororesin of the invention can be rendered excellent 
in electrical characteristics such that the dielectric 
constant and dielectric loss tangent may be within the 
respective ranges given above. 

From the electrical characteristics viewpoint, the 
fluororesin of the invention preferably comprises a 
perf luoropolymer with all carbon-bound hydrogen atoms 
having been substituted by fluorine atoms. 

When the fluororesin of the invention comprises a 
TFE/PAVE copolymer, the dielectric constant thereof is 
preferably not greater than 2.2 from the electrical 
characteristics viewpoint, and the perf luoro (alkyl vinyl 
ether) unit contents relative to all the monomer units in 
the TFE/PAVE copolymer is preferably not lower than 0.1 
mole percent, more preferably not lower than 0.5 mole 
percent, still more preferably not lower than 1 mole 
percent . 

The fluororesin of the invention is high in flame 
retardancy, as mentioned hereinabove, and has an oxygen 
index generally exceeding 30, preferably an oxygen index of 
90 or higher. 

The above-mentioned oxygen index is the value 
measured in accordance with ASTM D 28 63. 

Generally, when the oxygen index is 25 to 27 or 
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higher, the resin, even upon temporally exposure to fire 
under ordinary conditions of use as the insulating material 
constituting insulated electric wires, will not continue 
burning owing to its self-extinguishing properties. 

The fluororesin of the invention may also have a 
critical shear rate at 360°C of not lower than 200 (sec'-^) . 

Within the above range, the upper limit to the 
critical shear rate may be set at 500 (sec"^) , for instance. 
For increasing the insulating speed and thin wall forming 
ability in insulating molding, a more preferred lower limit 
is 220 (sec""^) . 

The fluororesin of the invention preferably has a 
melt flow rate [MFR] of not lower than 48 (g/10 minutes) . 
A more preferred lower limit to the MFR is 50 (g/10 
minutes) , a still more preferred lower limit is 60 (g/10 
minutes) or above, an even more preferred lower limit is 62 
(g/10 minutes) and a most preferred lower limit is 63 (g/10 
minutes) . A higher MFR makes it possible to increase the 
insulating speed when the resin is used in insulating 
molding, render the resin excellent in thin wall forming 
ability and improve the insulating material obtained in 
surface smoothness and crack resistance. Within the above 
range, the upper limit to the MFR can be set at 100 (g/10 
minutes) , for instance; from the mechanical strength 
viewpoint, however, the upper limit is preferably set at 85 
(g/10 minutes) , more preferably 81 (g/10 minutes) . 

The above-mentioned MFR is the value obtained by 
measurement under the conditions of a temperature of 372 ®C 
and a load of 5.0 kg in accordance with ASTM D 1238. 

As mentioned above, the fluororesin of the invention 
has a high MFR and a large number of active terminal groups 
at polymer chain termini and is advantageous in that the 
adhesion to core wires is improved. From the electrical 
characteristics improvement viewpoint, however, it is not 
desirable that the number of active terminal groups is too 
large. Therefore, the polymer chain termini may be 
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subjected to fluorination treatment to an extent such that 
the desired electrical characteristics may be acquired. 
The fluorination treatment may be carried out in the 
conventional manner, for example by exposure to fluorine 
gas or heating in the presence of water. 

The fluororesin of the invention preferably has a 
molecular weight distribution [Mw/Mn] within the range of 1 
to 2. When the molecular weight distribution is within the 
above range, the resin, when used in insulating molding, 
can give insulatings. improved in surface smoothness. A 
preferred upper limit to the molecular weight distribution 
[Mw/Mn] is 1.8. 

The above-mentioned Mw/Mn is the value measured by 
the method described in Polym. Eng. Sci., 29 (1989), 645 (W. 
H. Tuminello) . 

The Mw/Mn measurement temperature is 330°C, and the 
method of data processing and the parameters are as 
described in the document cited above. 

The fluororesin of the invention, when used in 
insulating a core wire with a diameter of 0.05 to 0.07 mm 
under the conditions of a resin temperature of 320 to 370°C, 
a wire coating speed of 7 00 feet /minute, a drawdown ratio 
[DDR] of 80 to 120, a draw ratio balance [DRB] of 1.0 and a 
insulating thiclcness of 30 to 50 (hereinafter, such 
conditions sometimes referred to as ^^specified insulating 
conditions"), will not cause cone break. If cone brealc 
occurs under the specified insulating conditions mentioned 
above, the insulated wire made of the core wire and a 
insulating material obtained by insulating molding of the 
resin around the core wire on the occasion of molding for 
insulating the core wire will become insufficient in 
insulating properties. 

The phrase ^'not cause cone breaJc'' as used herein 
means that when a voltage of 6 kV is applied to the 
insulated wire obtained for a period of at least 0.15 
second in accordance with JIS C 3005 using a direct current 
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spark tester (hereinafter, such conditions sometimes 
referred to as ^^cone break detecting conditions'') , the 
number of sparks per 1000 m is zero. When the fluororesin 
of the invention is used under the above-mentioned 
specified insulating conditions, the number of sparks per 
1200 m can be rendered zero and, preferably, the number of 
sparks per 1500 m can be rendered zero, as evaluated under 
the above-mentioned cone break detecting conditions . 

The resin temperature mentioned above is the 
temperature of the fluororesin of the invention at the 
cylinder tip. It is the value obtained by inserting a 
spring type fixed thermocouple (product of Toyo Dennetsu) 
into the cylinder inside and measuring the temperature 
there. When the resin temperature is excessively high, the 
insulated wire obtained may show cracking or foaming in 
some instances and, when it is excessively low, the 
insulated wire obtained may be poor in surface smoothness 
in some cases. A preferred lower limit to the resin 
temperature is 330^C, a more preferred lower limit is 340°C, 
a preferred upper limit is 360**C and a more preferred upper 
limit is 355*^0. 

The insulating thickness mentioned above is the 
thickness of the insulating obtained after cooling to 
ordinary temperature of 20 to 30*^0 following melt extrusion 
insulating with the fluororesin of the invention by 
insulating molding. The ^'insulating thickness of 30 to 50 
Vim'' mentioned above refers to insulating under conditions 
such that the insulating thickness amounts to 30 to 50 yim. 

Even when the upper limit to the insulating thickness 
is preferably set at 45 v™, more preferably at 40 ym, still 
more preferably at 35 ]am, the fluororesin of the invention, 
when used in insulating under the above-mentioned specified 
insulating conditions, can be one causing no cone break. 

The insulating thickness mentioned above is the value 
calculated by dividing by 2 the value obtained by 
subtracting the outside diameter value of the core wire 
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measured in advance from the outside diameter value of the 
insulated wire as measured by means of Laser Micro Dia 
Meter (product of Takikawa Engineering) . The fluororesin 
of the invention, even in the case of insulating under the 
above-mentioned specified insulating conditions, makes it 
possible to molding thin walls having such a insulating 
thickness as mentioned above, without causing cone break. 

When a TFE/PAVE copolymer or TFE/HFP copolymer is 
used as the fluororesin of the invention, the value of the 
above-mentioned DDR is selected within the range of 80 to 
.120, and a preferred lower limit thereto is 96, and a 
preferred upper limit is 104 and the value of the DDR may 
be set at 100. When an Et/TFE copolymer is used as the 
fluororesin of the invention, the value of the DDR 
mentioned above is selected within the range of 30 to 70, 
and a preferred lower limit is 40, a preferred upper limit 
is 65, and the value of the DDR may be set at 60. 

The ^'DDR'' so referred to herein is the value obtained 
by calculating according to the formula: 
DDR = (Dd^ - Dt^)/(dc^ - db^) 

wherein Dd represents the die opening diameter, Dt 
represents the chip outside diameter, dc represents the 
insulated wire outside diameter and db represents the core 
wire outside diameter. 

As for the DRB mentioned above, the tolerance zone is 
0.9 to 1.1. When the DRB exceeds 1.1, cone break occurs 
readily and, when it is below 0.9, the insulating material 
hardly acquires a basically circular cross section but 
tends to easily acquire an elliptic section; hence, the 
value of 1.0 is generally selected. 

The ^^DRB'' so referred to herein is the value obtained 
by calculating according to the following formula: 
DRB = (Dd/dc) / (Dt/db) 

wherein Dd, Dt, dc and db are as defined above. 

Even when the core wire has a diameter of not greater 
than 0.13 mm, the fluororesin of the invention can be such 
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one that will not cause cone break when used in insulating 
under the above-mentioned specified insulating conditions. 
However, a preferred diameter is 0.05-0.11 mm and, even 
when the upper limit to the diameter is more preferably set 
at 0.08 mm, still more preferably at 0.07 mm, the 
fluororesin can be such one that will not cause cone break. 
As the core wire diameter decreases, the curvature of the 
wire surface increases; thus, when attempts are made to use 
the conventional resins in molding for insulating fine core 
wires, the resins show poor ^^spreading" on the core wires, 
producing the problem of cone break. On the contrary, the 
fluororesin of the invention will not cause cone break 
under the above-mentioned specified insulating conditions 
even if the core wire diameter is as small as 0.07 mm or 
smaller . 

The core wire diameter mentioned above may be the 
value obtained by measurement using a carpenter' s square or 
the value according to the American Wire Gauge [AWG] 
standard. 

For checking for cone break, an electrically 
conductive wire is used as the above-mentioned core wire. 
It may be made of copper, aluminum or steel, for instance; 
preferably, copper is used. That the core wire has a 
diameter of 0.05 to 0.13 mm corresponds to the fact that 
the diameter is 44 to 3 6 as expressed in terms of the 
American Wire Gauge [AWG]; that the diameter is 0.11 mm 
corresponds to the fact that it is 37 to 38 as expressed 
according to the AWG; and that it is 0.07 mm corresponds to 
the fact that it is 41 to 42 according to the AWG. 

The fluororesin of the invention is more preferably 
such one that will not cause cone break when a core wire 
having a diameter of 0.05 mm is insulated therewith under 
the conditions of a resin temperature of 320^C, a wire 
coating speed of 700 feet/minute, a DDR of 120, a ORB of 
1.0 and a insulating thickness of 30 pm. 

The fluororesin of the invention, when it comprises a 
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TFE/PAVE copolymer with a per f luoro (alkyl vinyl ether) unit 
content of 6 to 10 mole percent relative to all the monomer 
units, is preferably such one that will not cause cone 
break upon insulating of a core wire having a diameter of 
0.05 mm therewith under the conditions of a resin 
temperature of 320*^C, a wire coating speed of 700 
feet/minute, a DDR of 120, a DRB of 1.0 and a insulating 
thickness of 30 ]am. When it comprises a TFE/PAVE copolymer 
with a perf luoro (alkyl vinyl ether) unit content of 1.9 to 
4.5 mole percent relative to all the monomer units, it is 
preferably such one that will not cause cone break upon 
insulating of a core wire having a diameter of 0.05 mm 
therewith under the conditions of a resin temperature of 
340*^C, a wire coating speed of 700 feet/minute, a DDR of 
120, a DRB of 1.0 and a insulating thickness of 30 |im. 

The fluororesin of the invention will not cause cone 
break even when used in insulating under the above- 
mentioned insulating conditions, as mentioned above, and 
therefore is suited for insulated wire production and is 
particularly suited for electric wire insulating in view of 
its excellent electrical characteristics. 

A fluororesin comprising a TFE/PAVE copolymer and/or 
TFE/HFP copolymer and having a critical shear rate, at 
360°C, of not lower than 200 (sec'^) is hereinafter 
sometimes referred to as ^^fluororesin (A)''. 

For the fluororesin (A) , the upper limit to the 
above-mentioned critical shear rate can be set at 500 (sec" 
^) , for instance, within the above range and, from the 
viewpoint of insulating speed increasing and good thin wall 
forming ability on the occasion of use thereof in 
insulating molding, a more preferred lower limit is 220 
(sec""^) . 

The ^'critical shear rate" so referred to herein is 
the shear rate at the time of arrival at such a state that 
the fluororesin is allowed to flow out at a temperature of 
360*'C through an orifice with a diameter of 1 mm and a 
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length of 16 mm under a specific shear stress using a 
capillograph (product of Bohlin Instruments) begins to 
undergo melt fracture. 

The melt fracture is a phenomenon of the extrudate 
becoming spiral, indefinite or discontinuous in shape or 
showing a sharkskin-like surface when the shear rate is 
excessively high on the occasion of extrusion of a 
viscoelastic body through a hole or slit. The occurrence 
or absence of melt fracture can be confirmed, for example, 
by using a microscope or magnifying glass at a 
magnification of 16. 

The fluororesin (A) can be such one that the MFR 
thereof at 372°C is higher than 60 (g/10 minutes) . 

A fluororesin comprising a TFE/PAVE copolymer and/or 
TFE/HFP copolymer and having an MFR at 372 °C of higher than 
60 (g/10 minutes) is hereinafter sometimes referred to as 
^^fluororesin (B) " . 

The fluororesin (B) has such a very high MFR as 
falling within the range mentioned above and, therefore, 
well enables the insulating speed to be increased and is 
particularly excellent in thin wall forming ability, so 
that the insulating material obtained can be further 
improved in surface smoothness and crack resistance. 

The TFE/PAVE copolymer as a TFE copolymer 
constituting the fluororesin (A) or fluororesin (B) 
preferably has a PAVE unit content, relative to all the 
monomer units in the TFE/PAVE copolymer, of 1.9 to 4.5 mole 
percent. A more preferred lower limit to that content is 2 
mole percent, a still more preferred lower limit is 2.5 
mole percent, and a more preferred upper limit is 4 mole 
percent. When that resin is a polymer alloy comprising a 
TFE/PAVE copolymer and a TFE/HFP copolymer, the PAVE unit 
content in the polymer alloy is preferably 0.1 to 4 mole 
percent relative to the total sum, which is taken as 100 
mole percent, of the TFE, PAVE and HFP units constituting 
the polymer alloy as a whole. 
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When it comprises a TFE/PAVE copolymer, the 
fluororesin (A) and fluororesin (B) shows almost no 
lowering either in melting start temperature or in melting 
point and displays excellent thermal stability in spite of 
the PAVE unit content being relatively high. Such 
excellent thermal stability is considered to be an effect 
of polymer formulation; no probable cause is known, however. 

In the present specification, the TFE/PAVE copolymer 
constituting the fluororesin (A) or fluororesin (B) may be 
one derived from TFE and a PAVE alone or a copolymer 
derived from TFE and a PAVE and, further, a trace amount 
monomer copolymerizable with TFE and the PAVE. 

In the present specification, the TFE/HFP copolymer 
among the TFE copolymers constituting the fluororesin (A) 
or fluororesin (B) may be one derived from TFE and HFP 
alone or a copolymer derived from TFE and HFP and, further, 
a trace amount monomer copolymerizable with TFE and HFP. 

The trace amount monomer in the TFE/PAVE copolymer or 
TFE/HFP copolymer as the TFE copolymer constituting the 
fluororesin (A) or fluororesin (B) preferably amounts to 
0.1 to 1.5 mole percent relative to all the monomer units 
in said TFE copolymer. 

In the present specification, the TFE copolymer 
derived from TFE, HFP and a PAVE is referred to as ^"TFE/HFP 
copolymer'' when the HFP unit content is higher than the 
PAVE unit content upon comparison between the HFP unit 
content and PAVE unit content relative to all the monomer 
units in the TFE copolymer or is referred to as ^^TFE/PAVE 
copolymer" when the PAVE unit content is higher than the 
HFP unit content. 

A more preferred lower limit to the MFR, at 372°C, of 
the fluororesin (A) or fluororesin (B) is 63 (g/10 minutes) . 

The upper limit to the MFR, at 372^C, of the 
fluororesin (A) and fluororesin (B) may be set, for example, 
at 100 (g/10 minutes) within the range mentioned above. 
From the mechanical strength viewpoint, however, the upper 
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limit is preferably set at 85 (g/10 minutes) , more 
preferably at 81 (g/10 minutes) . 

The fluororesin (A) and fluororesin (B) both are 
excellent in increasing insulating speed and thin wall 
forming ability, so that, generally, they never cause cone 
break under the cone break detecting conditions mentioned 
above and provide electrical characteristics and flame 
retardancy within the same ranges as mentioned hereinabove. 

Preferred as the TFE copolymer constituting the 
fluororesin (A) and fluororesin (B) are TFE/PAVE copolymers 
and, in the case of TFE/PAVE copolymers, excellent 
mechanical characteristics can be provided in spite of the 
MRF being as high as within the above range and, further, 
in the case of those TFE/PAVE copolymers in which the PAVE 
unit content relative to all the monomer units therein is 
2.5 to 4 mole percent, still better mechanical 
characteristics can be provided and the MIT folding 
endurance, for example, can amount to at least 4000 cycles. 

For determining the above-mentioned MIT folding 
endurance, films (thickness 220 lom x width 13 mm) prepared 
by using the fluororesin in question are subjected to 
measurements using a folding tester (product of Yasuda- 
Seiki-Seisakusho) in accordance with ASTM D 2176. 

The ^^fluororesin" simply so referred to herein 
without adding (A) or (B) conceptually includes not only 
the fluororesin (A) and fluororesin (B) but also all other 
fluororesins falling within the scope of the present 
invention. 

The fluororesin of the invention is preferably a 
fluororesin for electric wire insulating. 

The insulated electric wire of the invention 
comprises a core wire and a insulating material obtained by 
molding the fluororesin of the invention so as to insulate 
the core wire . 

The insulated electric wire of the invention has a 
insulating formed from the fluororesin of the invention as 
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the insulating material and, therefore, can have sufficient 
thermal stability to endure solder reflow processes. 

The insulated electric wire of the invention can be 
produced with ease by using the fluororesin of the 
invention as the insulating material, as mentioned above, 
even when the core wire has a diameter of 0.13 mm or 
smaller. A preferred upper limit to the core wire diameter 
is 0.08 mm and a more preferred upper limit is 0.07 mm. 
The insulated electric wire of the invention preferably has 
a core wire diameter of not smaller than 0.02 mm. 

As the core wire material, there may be mentioned 
copper, aluminum and steel, among others, and, from the 
viewpoint of adhesion to the insulating material, copper is 
preferred. 

The insulating material preferably has a thickness of 
10 to 60 pm. A more preferred lower limit is 15 ]am, a 
still more preferred lower limit is 20 v™/ ^ more preferred 
upper limit is 55 pm, and a still more preferred upper 
limit is 50 ]am. 

The insulating material thickness mentioned above is 
the value after cooling to ordinary temperature, namely 20 
to SO'^C following insulating. 

The insulating material of the insulated electric 
wire of the invention can have such a thin wall thickness 
as mentioned above, and the crack resistance of the 
insulating material can be improved. 

The above-mentioned insulating material thickness is 
the value obtained by dividing, by 2, the value resulting 
from subtraction of the core wire outside diameter measured 
in advance from the outside diameter of the insulated 
electric wire as measured using Laser Micro Dia Meter 
(product of Takikawa Engineering) , like the insulating 
thickness mentioned hereinabove under the specific 
insulating conditions . 

The insulated electric wire of the invention is 
suitably used as a coaxial cable. The coaxial cable can be 
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a small-diameter coaxial cable as well and can also cope 
with the reduction in size of mobile devices such as 
cellular phones, for instance. In the case of folding type 
cellular phones, there are restrictions as to the structure 
of their folding portion; a thick layer is required for 
strength improvement and, on the other hand, a thin wall is 
required. The insulated electric wire of the invention can 
be adequately used under such circiomstances . 

The insulated electric wire of the invention can also 
be suitably used as an image sending wire in a video 
microscope for medical use. 

EFFECTS OF THE INVENTION 
The fluororesin of the invention, which has the 
constitution described above, is excellent in thin wall 
forming ability and can form an electric wire insulating 
material having good flame retardancy, thermal stability 
and electrical characteristics. 

BEST MODES FOR CARRYINF OUT THE INVENTION 
The following examples illustrate the present 
invention more specifically. These examples are, however, 
by no means limitative of the scope of the invention. 
Synthesis Example 1: Synthesis of fluororesin F-1 

A 174-liter autoclave was charged with 34 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 30.4 kg of perf luorocyclobutane, 0.95 
kg of perf luoro (propyl vinyl ether) (CF2=CF0CF2CF2CF3) 
[PPVE] and 4.5 kg of methanol, and the system inside 
temperature was maintained at 35®C and the rate of stirring 
at 200 rpm. Then, tetraf luoroethylene [TFE] was fed under 
pressure until arrival at 0.6 MPa, followed by charging of 
0.06 kg of a 50% methanol solution of di-n-propyl 
peroxydicarbonate to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
progress of the polymerization, TFE was continuously fed to 
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maintain the pressure while PPVE was added, in 0.065-kg 
portions, at 1-hour intervals. The polymerization was 
continued in this manner for 28 hours. After pressure 
release to atmospheric pressure, the reaction product 
obtained was washed with water and dried to give 30 kg of a 
powder . 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-1 in pellet form. 

Synthesis Example 2: Synthesis of fluororesin F-2 

A 174-liter autoclave was charged with 34 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 30.4 kg of perf luorocyclobutane, 1.98 
kg of PPVE and 4.0 kg of methanol, and the system inside 
temperature was maintained at 35°C and the rate of stirring 
at 200 rpm. Then, TFE was fed under pressure until arrival 
at 0.6 MPa, followed by charging of 0.06 kg of a 50% 
methanol solution of di-n-propyl peroxydicarbonate to 
initiate the polymerization. Since otherwise the system 
inside pressure would decrease as the progress of the 
polymerization,. TFE was continuously fed to maintain the 
pressure while PPVE was added, in 0.117-kg portions, at 1- 
hour intervals. The polymerization was continued in this 
manner for 28 hours. After pressure release to atmospheric 
pressure, the reaction product obtained was washed with 
water and dried to give 30 kg of a powder. 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-2 in pellet form. 

Synthesis Example 3: Synthesis of fluororesin F-3 

A 174-liter autoclave was charged with 43 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 43 kg of hexaf luoropropylene [HFP], 
0.42 kg of PPVE and 0.45 kg of methanol, and the system 
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inside temperature was maintained at 25.5°C and the rate of 
stirring at 200 rpm. Then, tetraf luoroethylene [TFE] was 
fed under pressure until arrival at 0.83 MPa, followed by 
charging of 1.8 kg of a 8% (by weight) solution of the 
polymerization initiator (H (CF2CF2) 3COO) 2 in 

perf luorocyclohexane to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
progress of the polymerization, TFE was continuously fed to 
maintain the system inside pressure at 0.83 MPa. During 
polymerization, the 8% (by weight) solution of 
(H {CF2CF2) 3COO) 2 in perf luorocyclohexane was added, in 0.15- 
kg portions, at 2-hour intervals until the lapse of 6 hours 
after the start of polymerization and, then, in 0.13-kg 
portions, at 2.5-hour intervals until the completion of 
polymerization. At 1.5 hours after the start of 
polymerization, 0.45 kg of methanol was added and, then, 
methanol was added, in 0.45-kg portions, at 10-hour 
intervals. PPVE was added, in 0.12-kg portions, at 8-hour 
intervals (0.36 kg in total). The polymerization was 
continued in this manner for 35 hours. After pressure 
release to atmospheric pressure, the reaction product 
obtained was washed with water and dried to give 50 kg of a 
powder . 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-3 in pellet form. 

Synthesis Example 4: Synthesis of fluororesin F-4 

A 174-liter autoclave was charged with 43 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 43 kg of HFP and 0.55 kg of methanol, 
and the system inside temperature was maintained at 25.5°C 
and the rate of stirring at 200 rpm. Then, TFE was fed 
under pressure until arrival at 0.83 MPa, followed by 
charging of 0.54 kg of a 8% (by weight) solution of the 
polymerization initiator (H (CF2CF2) 3COO) 2 in 

perf luorocyclohexane to initiate the polymerization. Since 
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otherwise the system inside pressure would decrease as the 
progress of the polymerization, TFE was continuously fed to 
maintain the system inside pressure at 0.83 MPa. During 
polymerization, the 8% (by weight) solution of 
(H (CF2CF2) 3COO) 2 in perf luorocyclohexane was added, in 0.10- 
kg portions, at 2-hour intervals until the lapse of 6 hours 
after the start of polymerization and, then, in 0.08-kg 
portions, at 2.5-hour intervals until the completion of 
polymerization. At 1.5 hours after the start of 
polymerization, 0.55 kg of methanol was added and, then, 
methanol was added, in 0.55-kg portions, at 10-hour 
intervals. The polymerization was continued in this manner 
for 37 hours. After pressure release to atmospheric 
pressure, the reaction product obtained was washed with 
water and dried to give 55 kg of a powder. 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-4 in pellet form. 

Synthesis Example 5: Synthesis of fluororesin F-5 

A 174-liter autoclave was charged with 43 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 43 kg of HFP and 0.24 kg of methanol, 
and the system inside temperature was maintained at 25.5°C 
and the rate of stirring at 200 rpm. Then, TFE was fed 
under pressure until arrival at 0.83 MPa, followed by 
charging of 0.54 kg of a 8% (by weight) solution of the 
polymerization initiator (H (CF2CF2) 3COO) 2 in 

perf luorocyclohexane to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
progress of the polymerization, TFE was continuously fed to 
maintain the system inside pressure at 0.83 MPa. During 
polymerization, the 8% (by weight) solution of 
(H (CF2CF2) 3COO) 2 in perf luorocyclohexane was added, in 0.10- 
kg portions, at 2-hour intervals until the lapse of 6 hours 
after the start of polymerization and, then, in 0.08-kg 
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portions, at 2.5-hour intervals until the completion of 
polymerization. At 1.5 hours after the start of 
polymerization, 0.24 kg of methanol was added and, then, 
methanol was added, in 0.24-kg portions, at 10-hour 
intervals. The polymerization was continued in this manner 
for 37 hours. After pressure release to atmospheric 
pressure, the reaction product obtained was washed with 
water and dried to give 55 kg of a powder. 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-5 in pellet form. 

Synthesis Example 6: Synthesis of fluororesin F-6 

A 14-kg portion of the powder of Synthesis Example 1 
was dry-blended with 1.1 kg of the powder of Synthesis 
Example 5 using a Henschel mixer, and the mixture was 
pelletized under the melt-kneading and pellet heating 
conditions shown in Table 1 to give fluororesin F-6 in 
pellet form. 

Synthesis Example 7: Synthesis of fluororesin F-7 

A 14-kg portion of the powder of Synthesis Example 1 
was dry-blended with 2,9 kg of the powder of Synthesis 
Example 5 using a Henschel mixer, and the mixture was 
pelletized under the melt-kneading and pellet heating 
conditions shown in Table 1 to give fluororesin F-7 in 
pellet form. 

Synthesis Example 8: Synthesis of fluororesin F-8 

A 174-liter autoclave was charged with 47 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 33.9 kg of perf luorocyclobutane, 5.5 
kg of HFP, 0.91 kg of PPVE and 5.0 kg of methanol, and the 
system inside temperature was maintained at 35®C and the 
rate of stirring at 200 rpm. Then, TFE was fed under 
pressure until arrival at 0.75 MPa, followed by charging of 
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0.18 kg of a 50% methanol solution of di-n-propyl 
peroxydicarbonate to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
progress of the polymerization, TFE was continuously fed to 
maintain the pressure while PPVE was added, in 0.02 6-kg 
portions, at 1-hour intervals- The polymerization was 
continued in this manner for 28 hours. After pressure 
release to atmospheric pressure, the reaction product 
obtained was washed with water and dried to give 30 kg of a 
powder . 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-8 in pellet form. 

Synthesis Example 9: Synthesis of fluororesin F-9 

A 174-liter autoclave was charged with 27 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 30.4 kg of perf luorocyclobutane, 1.4 
kg of PPVE and 1.0 kg of methanol, and the system inside 
temperature was maintained at 35°C and the rate of stirring 
at 200 rpm. Then, TFE was fed under pressure until arrival 
at 0.6 MPa, followed by charging of 0.03 kg of a 50% 
methanol solution of di-n-propyl peroxydicarbonate to 
initiate the polymerization. Since otherwise the system 
inside pressure would decrease as the progress of the 
polymerization, TFE was continuously fed to maintain the 
pressure while PPVE was added, in 0.065-kg portions, at 1- 
hour intervals. The polymerization was continued in this 
manner for 28 hours. After pressure release to atmospheric 
pressure, the reaction product obtained was washed with 
water and dried to give 30 kg of a powder. 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-9 in pellet form. 



Synthesis Example 10: Synthesis of fluororesin F-10 
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A 14-kg portion of the powder of Synthesis Example 4 
was dry-blended with 1.6 kg of the powder of Synthesis 
Example 9 using a Henschel mixer, and the mixture was 
pelletized under the melt-kneading and pellet heating 
conditions shown in Table 1 to give fluororesin F-10 in 
pellet form. 

Synthesis Example 11: Synthesis of fluororesin F-11 
A 174-liter autoclave was charged with 51 L of 
distilled water and, after sufficient nitrogen s\ibstitution, 
further charged with 32 kg of perf luorocyclobutane, 0.25 kg 
of cyclohexane and 0.34 kg of 2, 3, 3, 4, 4, 5, 5-heptaf luoro-1- 
pentene (CH2=CFCF2CF2CF2H) , and the system inside 
temperature was maintained at 20°C and the rate of stirring 
at 200 rpm. Then, tetraf luoroethylene was fed under 
pressure until arrival at 0.67 MPa and, further, ethylene 
[Et] was fed under pressure until arrival at 0.86 MPa. The 
system inside temperature was then raised to 35°C, the 
system inside pressure was raised to 1.2 MPa and 0.18 kg of 
a 50% methanol solution of di-n-propyl peroxydicarbonate 
was added to initiate the polymerization. Since otherwise 
the system inside pressure would decrease as the progress 
of the polymerization, a gas composed of TFE and Et in a 
mole ratio of 55:45 was continuously fed to maintain the 
system inside pressure at 1.2 MPa. The polymerization was 
continued in this manner for 45 hours. After pressure 
release to atmospheric pressure, water was removed. Then, 
51 L of distilled water was added, 0.61 kg of a 28% (by 
weight) aqueous ammonia was added, the system inside 
temperature was raised to 80*^C, and the mixture was stirred 
at 200 rpm for 3 hours. After pressure release to 
atmospheric pressure, the reaction product obtained was 
washed with water and dried to give 25 kg of a powder. 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-11 in pellet form. 



Synthesis Example 12: Synthesis of fluororesin F-12 
A 174-liter autoclave was charged with 34 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 30.4 kg of perf luorocyclobutane, 1.42 
kg of perf luoro (propyl vinyl ether) {CF2=CFOCF2CF2CF3) 
[PPVE] and 3.0 kg of methanol, and the system inside 
temperature was maintained at 35°C and the rate of stirring 
at 200 rpm. Then, tetraf luoroethylene [TFE] was fed under 
pressure until arrival at 0.6 MPa, followed by charging of 
0.06 kg of a 50% methanol solution of di-n-propyl 
peroxydicarbonate to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
progress of the polymerization, TFE was continuously fed to 
maintain the pressure while PPVE was added, in 0.072-kg 
portions, at 1-hour intervals. The polymerization was 
continued in this manner for 26 hours. After pressure 
release to atmospheric pressure, the reaction product 
obtained was washed with water and dried to give 30 kg of a 
powder . 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-12 in pellet form. 

Synthesis Example 13: Synthesis of fluororesin F-13 
A 174-liter autoclave was charged with 34 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 30.4 kg of perf luorocyclobutane, 1.42 
kg of perf luoro (propyl vinyl ether) (CF2=CFOCF2CF2CF3) 
[PPVE] and 3.2 kg of methanol, and the system inside 
temperature was maintained at 35^C and the rate of stirring 
at 200 rpm. Then, tetraf luoroethylene [TFE] was fed under 
pressure until arrival at 0.6 MPa, followed by charging of 
0.06 kg of a 50% methanol solution of di-n-propyl 
peroxydicarbonate to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
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progress of the polymerization, TFE was continuously fed to 
maintain the pressure while PPVE was added, in 0.072-kg 
portions, at 1-hour intervals. The polymerization was 
continued in this manner for 25 hours. After pressure 
release to atmospheric pressure, the reaction product 
obtained was washed with water and dried to give 30 kg of a 
powder , 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-13 in pellet form. 

Synthesis Example 14: Synthesis of fluororesin F-14 
A 174-liter autoclave was charged with 34 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 30.4 kg of perf luorocyclobutane, 1.42 
kg of perf luoro (propyl vinyl ether) (CF2=CFOCF2CF2CF3) 
[PPVE] and 3.6 kg of methanol, and the system inside 
temperature was maintained at 35^C and the rate of stirring 
at 200 rpm. Then, tetraf luoroethylene [TFE] was fed under 
pressure until arrival at 0.6 MPa, followed by charging of 
0.06 kg of a 50% methanol solution of di-n-propyl 
peroxydicarbonate to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
progress of. the polymerization, TFE was continuously fed to 
maintain the pressure while PPVE was added, in 0.072-kg 
portions, at 1-hour intervals. The polymerization was 
continued in this manner for 26 hours. After pressure 
release to atmospheric pressure, the reaction product 
obtained was washed with water and dried to give 30 kg of a 
powder . 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-14 in pellet form. 

Synthesis Example 15: Synthesis of fluororesin F-15 
A 174-liter autoclave was charged with 34 L of 



distilled water and, after sufficient nitrogen substitution 
further charged with 30.4 kg of perf luorocyclobutane, 1.60 
kg of perf luoro (propyl vinyl ether) (CF2=CFOCF2CF2CF3) 
[PPVE] and 3.6 kg of methanol, and the system inside 
temperature was maintained at 35®C and the rate of stirring 
at 200 rpm. Then, tetraf luoroethylene [TFE] was fed under 
pressure until arrival at 0.6 MPa, followed by charging of 
0.06 kg of a 50% methanol solution of di-n-propyl 
peroxydicarbonate to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
progress of the polymerization, TFE was continuously fed to 
maintain the pressure while PPVE was added, in 0.080-kg 
portions, at 1-hour intervals. The polymerization was 
continued in this manner for 26 hours. After pressure 
release to atmospheric pressure, the reaction product 
obtained was washed with water and dried to give 30 kg of a 
powder . 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-15 in pellet form. 

Synthesis Example 16: Synthesis of fluororesin F-16 
A 174-liter autoclave was charged with 34 L of 
distilled water and, after sufficient nitrogen substitution 
further charged with 30.4 kg of perf luorocyclobutane, 0.84 
kg of perf luoro (propyl vinyl ether) (CF2=CFOCF2CF2CF3) 
[PPVE] and 4.6 kg of methanol, and the system inside 
temperature was maintained at 35°C and the rate of stirring 
at 200 rpm. Then, tetraf luoroethylene [TFE] was fed under 
pressure until arrival at 0.6 MPa, followed by charging of 
0.06 kg of a 50% methanol solution of di-n-propyl 
peroxydicarbonate to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
progress of the polymerization, TFE was continuously fed to 
maintain the pressure while PPVE was added, in 0.052-kg 
portions, at 1-hour intervals. The polymerization was 
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continued in this manner for 23 hours. After pressure 
release to atmospheric pressure, the reaction product 
obtained was washed with water and dried to give 30 kg of a 
powder. 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-16 in pellet form. 

Synthesis Example 17: Synthesis of fluororesin F-17 
A 174-liter autoclave was charged with 34 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 30,4 kg of perf luorocyclobutane, 0.84 
kg of perf luoro (propyl vinyl ether) (CF2=CFOCF2CF2CF3) 
[PPVE] and 3.5 kg of methanol, and the system inside 
temperature was maintained at 35°C and the rate of stirring 
at 200 rpm. Then, tetraf luoroethylene [TFE] was fed under 
pressure until arrival at 0.6 MPa, followed by charging of 
0.06 kg of a 50% methanol solution of di-n-propyl 
peroxydicarbonate to initiate the polymerization. Since 
otherwise the system inside pressure would decrease as the 
progress of the polymerization, TFE was continuously fed to 
maintain the pressure while PPVE was added, in 0.052-kg 
portions, at 1-hour intervals. The polymerization was 
continued in this manner for 23 hours. After pressure 
release to atmospheric pressure, the reaction product 
obtained was washed with water and dried to give 30 kg of a 
powder. 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-17 in pellet form. 

Synthesis Example 18: Synthesis of fluororesin F-18 
A 174-liter autoclave was charged with 43 L of 
distilled water and, after sufficient nitrogen substitution, 
further charged with 43 kg of hexaf luoropropylene [HFP] , 
1.15 kg of PPVE and 0.85 kg of methanol, and the system 



inside temperature was maintained at 25.5°C and the rate of 
stirring at 200 rpm. Then, TFE was fed under pressure 
until arrival at 0.83 MPa, followed by charging of 1.8 kg 
of a 8% (by weight) solution of the polymerization 
initiator (H (CF2CF2) 3COO) 2 in perf luorocyclohexane to 
initiate the polymerization. Since otherwise the system 
inside pressure would decrease as the progress of the 
polymerization, TFE was continuously fed to maintain the 
system inside pressure at 0.83 MPa. During polymerization, 
the 8% (by weight) solution of (H (CF2CF2) 3COO) 2 in 
perf luorocyclohexane was added, in 0.15-kg portions, at 2- 
hour intervals until the lapse of 6 hours after the start 
of polymerization and, then, in 0.13-kg portions, at 2.5- 
hour intervals until the completion of polymerization. At 
1.5 hours after the start of polymerization, 0.85 kg of 
methanol was added and, then, methanol was added, in 0.8 5- 
kg portions, at 10-hour intervals. PPVE was added, in 0.25 
kg portions, at 8-hour intervals (0.75 kg in total). The 
polymerization was continued in this manner for 35 hours. 
After pressure release to atmospheric pressure, the 
reaction product obtained was washed with water and dried 
to give 50 kg of a powder. 

This powder was pelletized under the melt-kneading 
and pellet heating conditions shown in Table 1 to give 
fluororesin F-18 in pellet form. 



Table 1 
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In Table 1, CI, C2, C3 and C4 respectively indicate 
four temperature-measuring sites on the cylinder. The 
temperature-measuring sites are positioned in that order at 
even intervals, CI being remotest from and C4 being closest 
to the injection hole. In Table 1, AD denotes the adapter 
temperature, and D denotes the die temperature. 

The fluororesins obtained in the synthesis examples 
were evaluated for the following physical characteristics. 

(1) Fluororesin composition determination 

The composition of each fluororesin was determined by 
^^F NMR analysis. 

(2) Melting point (Tm) determination 

Using a Seiko model differential scanning calorimeter 
[DSC] , the melting peak appearing upon raising the 
temperature at a rate of 10°C/minute was recorded, and the 
temperature corresponding to the maximum was reported as 
the melting point (Tm) . 

(3) Melt flow rate [MFR] measurement of each fluororesin 
Using a melt indexer- (product of Toyo Seiki 

Seisakusho) , the weight (g) of the polymer forced through a 
nozzle having a diameter of 2 mm and a length of 8 mm in 
unit time (10 minutes) under a load of 5 kg was measured at 
the measurement temperature indicated. 

The results are shown in Table 2. 
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Table 2 





Resin species 


Composition 
[mole ratio] 


Melting point[°C] 


MFREg/lOminute] 
(measurement 
tem perature) 


Synthesis 


Fluororesin 
F-1 


TFE/PPVE 
=98.0/2.0 


300 


63 
(372*'C) 


Synthesis 


Fluororesin 


TFE/PPVE 


297 


67 

\o ft. \^ f 


Synthesis 
Ex3mpl6 3 


Fluororesin 
r o 


TFE/HFP/PPVE 

-Q9 Q/n A 


270 


36 


Synthesis 
Exsfnple A 


Fluororesin 


TFE/HFP 


265 


48 


Synthesis 
EyBmple 5 


Fluororesin 
F— 5 


TFE/HFP 


265 


6 


Synthesis 
E)C3mple 6 


Fluororesin 

F— Rf— F— 1 -4-P— '^^ 
I D^— r 1 1^ p oj 


TFE/HFP/PPVE 

-Q7 7/n fi/1 7 


296 


45 

VO 1 £. O / 


Synthesis 


Fluororesin 
F— 7f=F— 1 -l-F-S^ 

P /V P ' ^P P »*/ 


TFE/HFP/PPVE 
-07 0 /\ A/1 A 


293 


39 


Synthesis 
Ex3mple 8 


Fluororesin 

P— ft 
P o 


TFE/HFP/PPVE 
— qo 1/11 /n 


300 


49 


Synthesis 
Exsmple 9 


Fluororesin 
F-9 


TFE/PPVE 

=98.0/2.0 


300 


8 

(372**C) 


Synthesis 
Example 10 


Fluororesin 
F-10(=F-4-hF-9) 


TFE/HFP/PPVE 
=92.6/7.2/0.2 


269 


40 

(372°C) 


Synthesis 
Example 1 1 


Fluororesin 
F-11 


TFE/Et/H2P 
=54.1/43.4/2.5 


257 


35 
(297"C) 


Synthesis 
Example 12 


Fluororesin 
F-12 


TFE/PPVE 
=97.4/2.6 


300 


63 
(372*'C) 


Synthesis 
Example 13 


Fluororesin 
F-13 


TFE/PPVE 
=97.4/2.6 


300 


67 
(372"C) 


Synthesis 
Example 14 


Fluororesin 
F-14 


TFE/PPVE 
=97.4/2.6 


300 


77 
(372"C) 


Synthesis 
Example 15 


Fluororesin 
F-15 


TFE/PPVE 
=97.1/2.9 


300 


90 
(372'*C) 


Synthesis 
Example 16 


Fluororesin 
F-16 


TFE/PPVE 
=98.4/1.6 


301 


63 
(372"C) 


Synthesis 
Example 17 


Fluororesin 
F-17 


TFE/PPVE 
=98.4/1.6 


301 


46 
(372°C) 


Synthesis 
Example 18 


Fluororesin 

F-ia 


TFE/HFP/PPVE 
=92.0/6.9/1.1 


265 


70 
(372"C) 
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Example 1 

Using the fluororesin F-1 prepared in Synthesis 
Example 1, insulating molding was performed with a copper 
wire (0.07 mm in diameter) as the core wire under the 
molding conditions shown in Table 3 . 

The dielectric constant, dielectric loss tangent and 
oxygen index were measured by the methods given below. The 
measurement results are shown in Table 4 . 

(4) Measurements of dielectric constant and dielectric 
loss tangent of each fluororesin 

Measurements were made using a cavity resonator 
oscillation apparatus (product of Kanto Denshi Oyo Kaihatsu 
(KEAD) ) . The measurement frequency was 2.45 GHz, and the 
sample subjected to measurements had the shape of a square 
bar, 1.8 mm x 1.8 mm x 130 mm. 

(5) Oxygen index 

The method of ASTM D 28 63 was followed. 

Example 2 

Using the fluororesin F-2 prepared in Synthesis 
Example 2, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Example 
1.. The results are shown in Table 4. 
Example 3 

Using the fluororesin F-3 prepared in Synthesis 
Example 3, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Example 
1. The results are shown in Table 4. 

Example 4 

Using the fluororesin F-4 prepared in Synthesis 
Example 4, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Example 
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1. The results are shown in Table 4, 
Example 5 

Using the fluororesin F-6 prepared in Synthesis 
Example 6, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Example 
1 . The results are shown in Table 4 , 

Example 6 

Using the fluororesin F--7 prepared in Synthesis 
Example 7, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Example 
1. The results are shown in Table 4. 

Example 7 

Using the fluororesin F-8 prepared in Synthesis 
Example 8, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Example 
1. The results are shown in Table 4. 

Example 8 

Using the fluororesin F-10 prepared in Synthesis 
Example 10, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Example - 
1. The results are shown in Table 4. 

Example 9 

Using the fluororesin F-11 prepared in Synthesis 
Example 11, a insulating material was produced under the 
same extrusion conditions as in Example 1 except that the 
extrusion speed was 3.5 (g/minute) , and evaluations were 
made by the same evaluation methods as used in Example 1. 
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The results are shown in Table 4 . 
Example 10 

Using the fluororesin F-12 prepared in Synthesis 
Example 12, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Exampl 
1 . The results are shown in Table 4 . 

Example 11 

Using the fluororesin F-13 prepared in Synthesis 
Example 13, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Exampl 
1. The results are shown in Table 4. 

Example 12 

Using the fluororesin F-14 prepared in Synthesis 
Example 14, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Exampl 
1 . The results are shown in Table 4 . 

Example 13 

Using the fluororesin F-15 prepared in Synthesis 
Example 15, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Exampl 
1 . The results are shown in Table 4 . 

Example 14 

Using the fluororesin F-16 prepared in Synthesis 
Example 16, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Exampl 
1. The results are shown in Table 4. 
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Example 15 

Using the fluororesin F-17 prepared in Synthesis 
Example 17, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Example 
1. The results are shown in Table 4. 

Example 16 

Using the fluororesin F-18 prepared in Synthesis 
Example 18, a insulating material was produced under the 
same extrusion conditions as in Example 1, and evaluations 
were made by the same evaluation methods as used in Example 
1 . The results are shown in Table 4 . 

Comparative Example 1 

Low-density polyethylene (50% by weight; Mirason 3530, 
density: 0.925 g/cm^, MFR: 0.25 (g/10 minutes), product of 
Du Pont-Mitsui Polychemicals) and magnesium hydroxide (50% 
by weight) were formulated and mixed up, and the mixture 
was used for insulating molding under the temperature and 
extrusion conditions shown in Table 3. Then, evaluations 
were performed by the same evaluation methods as used in 
Example 1. The results are shown in Table 4. 

Comparative Example 2 

High-density polyethylene (50% by weight; Hizex 7500 
M, density: 0.957 g/cm^, MFR: 0.03 (g/10 minutes), product 
of Sumitomo-Mitsui Polyolefins) and magnesium hydroxide 
(50% by weight) were formulated and mixed up, and the 
mixture was used for insulating molding under the 
temperature and extrusion conditions shown in Table 3. 
Then, evaluations were performed by the same evaluation 
methods as used in Example 1. The results are shown in 
Table 4. 
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Table 3 
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In Table 3, CI, C2, C3, C4 and C5 respectively 
indicate five temperature-measuring sites on the cylinder. 
The temperature-measuring sites are positioned in that 
order at even intervals, CI being remotest from and C4 
being closest to the injection hole. In Table 3, AD 
denotes the adapter temperature, and D denotes the die 
temperature. 
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Table 4 





Resin species 


Dielectric 
constant 


Dielectric loss tangent 
(xio') 


Oxygen 
index 


Example 1 


Fluororesin 
F-1 


2.1 


4 


96 


Example 2 


Fluororesin 
F-2 


2,1 


4 


95 


Example 3 


Fluororesin 
F-3 


2.1 


5 


95 


Example 4 


Fluororesin 
F-4 


2.1 


5 


94 


Example 5 


Fluororesin 
•F-6(=F-1 +F-5) 


2.1 


4 


95 


Example 6 


Fluororesin 
F-7(=F-1+F-5) 


2.1 


4 


95 


Example 7 


Fluororesin 
F-8 


2.1 


4 


95 


Example 8 


Fluororesin 
F-10(=F-4 + F-9) 


2.1 


5 


96 


Example 9 


Fluororesin 
F~11 


2.6 


50 


31 


Example 10 


Fluororesin 
F~12 


2.1 


4 


96 


Example 11 


Fluororesin 
F-13 


2.1 


4 


96 


Example 12 


Fluororesin 
F~14 


2.1 


5 


96 


Example 13 


Fluororesin 
F-15 


2.1 


6 


96 


Example 1 4 


Fluororesin 
F-16 


2.1 


5 


96 


Example 15 


Fluororesin 
F-17 


2.1 


4 


95 


Example 16 


Fluororesin 
F-18 


2.1 


4 


95 


Comparative 
Example 1 


Low-density 
polyethylene 


2.9 


1500 


30 


Comparative 
Example 2 


High-density 
polyethylene 


2.9 


1500 


30 
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From Table 4, it was revealed that the insulating 
materials molded in Examples 1 to 16 were lower in 
dielectric constant and dielectric loss tangent than the 
insulating materials molded in Comparative Examples 1 and 2. 
In particular, the insulating materials molded in Examples 
1 to 8 and 10 to 16 in which the fluororesin comprised a 
TFE/PAVE copolymer, TFE/HFP copolymer or TFE/HFP/PPVE 
copolymer or a polymer alloy composed of a TFE/PAVE 
copolymer and a TFE/HFP copolymer were particularly low in 
dielectric constant and dielectric loss tangent and, 
further, they were high in oxygen index and thus found to 
be excellent in flame retardancy. 

Examples 17 to 24 

The fluororesins specified in Table 5 were measured 
for MFR by the method described above under (3) and also 
measured for critical shear rate and MIT by the following 
evaluation methods. 

(6) Critical shear rate measurement of fluororesins 
Using a capillograph (product of Bohlin Instriiments) , 

each fluororesin was forced through an orifice having a 
diameter of 1 mm and a length of 16 mm under a varying 
shear stress at 360°C and the shear rate (sec'^) at which 
the fluororesin began to show melt fracture was recorded. 
The observation of the polymer surface for detecting melt 
fracture was made under a microscope at a magnification of 
16. 

(7) MIT folding endurance measurement 

Using a folding tester (product of Yasuda-Seiki- 
Seisakusho) , the measurement was carried out according to 
ASTM D 217 6 at room temperature under a load of 1.25 kg; 
the folding angle was ± 135°. The test specimens were 
prepared by molding each fluororesin into a 220-)am- thick 
film and punching out 13-mm-wide strips therefrom. 

The results are shown in Table 5. 
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Table 5 
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Comparison of Examples 17 and 19 with Example 23 
revealed that TFE/PAVE copolymers with a PPVE unit content 
of 1.9 mole percent or higher are superior in MIT value in 
spite of little difference in MFR. In particular, it was 



found that TFE/PAVE copolymers with a PPVE unit content of 
2.5 mole percent or higher are far superior in MIT value. 
Comparison between Example 17 and Example 24 revealed that 
TFE/PAVE copolymers with a PPVE content of 1.9 mole percent 
or higher can retain their high MIT values in spite of 
their high MFR values. 

INDUSTRIAL APPLICABILITY 
The fluororesin of the invention is suitably used, 
for example, as a insulating material for small-diameter 
electric wires which is required to have high electrical 
insulating properties and thin-wall forming ability. 



